Starting from the three dimensional N =8 BLG and N =6 BL theories with CS level k=1, a dimensional reduction is performed on the M2-branes worldvolume. The IR limit of these 2D EFTs should represent the action of F1 strings in type IIA. The CS term reduces to a particular φF term and the scalars and fermions get "mass" terms. The reduced actions still rely on three-algebra, which we did not require to define precisely.
Introduction
In the past months, a lot of work have been done on the three dimensional superconformal gauge theory which were conjectured to described the worldvolume of N M2-branes. The first serious attempt has been done by Bagger and Lambert [1, 2, 3] and Gustavsson [4, 5] . This theory, called BLG theory, has N =8 supersymmetries, SO(8) R-symmetry, as expected on N M2-branes, and relies on an algebraic structure called 3-algebra.
The reduction of this N M2-branes theory to the ten dimensional type IIA string theory was done in [12, 7] where they obtained the expected gauge theory living on a N D2-branes, ie 3 dimensional maximally supersymmetric YM. This was done using a novel Higgs mechanism which generated dynamics from the Chern-Simons (CS) term.
The N =8 BLG theory worked on the assumption that the 3-algebra admitted a positive definite metric. This conditon was shown to be satisfied by only one choice of 3-algebra [6] and was later relaxed to define Lorentzian 3-algebras [7, 8, 9, 10, 11] . These Lorentzian 3-algebras were used in the compactification to D2-branes and the ghosts appearing there were taken care of in [13, 14] .
In principle, M2-branes could also be reduced to F1 strings in type II string theory with a compactification along the direction of the M2-branes worldvolume. Looking for string actions coming from the reduction of M2-brane actions is the purpose of this paper. The original M2-M5 system then reduces to F1 between D4 or NS5 branes, depending on the embedding of the M5-branes. This was attempted in [16] , but a detailed discussion was not presented therein.
Recently, another new 3 dimensional field theory with N =6 supersymmetry and SU(4)×U(1) R-symmetry was conjectured to represent the N M2-branes worldvolume [15] . Shortly after this, Bagger and Lambert also came with a new theory which had the same supersymmetry, R-symmetry and was based on a new complex 3-algebra structure [17] . With a particular choice of 3-algebra, this new BL theory was shown by the authors to be equivalent to the ABJM theory at k=1.
The paper is organised as follows. In section 2.1, I review the k=1 N =8 BLG theory. In section 2.2, I perform a dimensional reduction along the M2-brane worldvolume, i.e. M 2 ×S 1 , to get an effective field theory in 2 dimensions which in the IR limit could represent a field theory on the F1 strings in type IIA.
In section 3.1, I review the k=1 N =6 BL theory and in section 3.2, I again do a dimensional reduction on M 2 × S 1 to get an effective fields theory in 2 dimensions which in the IR limit could also represent a field theory on the F1 strings in type IIA.
In both dimensional reductions, the CS action reduces to a particular φF term. However, the final two dimensional actions still rely on 3-algebras and the scalars and fermions get a "mass" term fromφ. I end with a brief discussion of the results.
All this work assumes that the 3-algebra admits a positive definite metric and hopes that the eventual ghosts could be taken care of.
Note added: While this work was in progress, [16] appeared which has overlap with section 2.2 of this paper. The BLG theory has N =8 supersymmetry, SO(8) R-symmetry and is formulated in terms of real massless 3-algebra valued fields [2] . We take k=1 to simplify the calculations, but it should be easy to generalise.
First, let's review the BLG action
where
and at k=1
Here, µ, ν, λ = 0,1,2 run along the internal dimensions of the M2, I,J = 1...8 are the transverse directions and a,b, ..., g are the 3-algebra generator indices. I gave all the 3D fields a prime (') because I'll drop it later for the rescaled 2D fields.
To allow the algebra to close, the structure constants must satisfy the following fundamental identity: f
Note that here the structure constants are real and totally antisymmetric. The SUSY transformations in this theory are
where any the tilde represents contraction with the structure constant, i.e.Ã 
These equation of motions led to the lagrangian (1). TheF ′µν a b and the covariant derivatives are defined as
Reduction of the N =8 BLG to 2D
Now, let's do a dimensional reduction along one internal direction of the M2. In order to do so, I reduce my A ..,g indices are the 3-algebra indices and I choose fields to be independent of x 2 . I integrate over the x 2 circle of circumference R, i.e. dx 2 = R. More precisely 1 , I take
and I rescale the 3D fields to 2D fields with canonical kinetic and CS terms:
Applying this to the original N =8 theory and after some tedious but simple calculations, the lagrangian becomes
The reduction of the CS action is done in the following way:
where I added a total derivative in the first line and I used the following equality which follows from the fundamental identity:
The equations of motions (8) and (9) now become
and theF ab µν equations of motion is now split in two equations, one for F ij and the other for
The SUSY transformations expand as
Thus we find a simple action in 2D given by (16) which may have some connection to F1 strings in type IIA. We will discuss more about this later. Next we go to the N =6 new BL theory.
3 The N =6 new Bagger-Lambert theory
The original 3D N =6 BL theory
The new BL theory has N =6 supersymmetry, SU(4)×U(1) R-symmetry and is formulated in terms of complex massless 3-algebra valued fields. Here too, we take k=1 to simplify the calculations, but it should be easy to generalise for arbitrary k.
An important difference here with the BLG theory is that f abcd is no longer assumed to be real and totally antisymmetric, but rather that it satisfies
This means that we have to be more careful with 3-algebra indices. Also, the fundamental identity (which is chosen to ensure closure of the algebra) is changed accordingly. It becomes
which is equivalent to
The contraction of the algebra indices is now defined as:
As mentioned in [17] ,Ã ab µ is antihermitian, i.e. (Ã ab µ ) * = −Ã ba µ . In order for this to be true and for the action to be real, A ab µ also has to be antihermitian. Note that in the N =8 BLG theory we did not need any such assumption since the symmetric part was eliminated by contraction with f, but here antihermiticity has to be imposed from the start.
The lagrangian in this theory is
where, L
3D
CS at k=1 is given by
The scalar potential is
The SUSY transformations in this theory are
These transformations close on translations, gauge transformations and the following set of equations of motions:
The equation of motion of the Z scalars should be found taking the supersymetric variation of the ψ equation of motion (41). The covariant derivative is defined this time as:
Reduction of the N =6 BL to 2D
Now, I can do a similar dimensional reduction as before. I choose every fields to be independent of x 2 , use the metric (14), rename A 2 by φ and I rescale the 3D fields to 2D fields with canonical kinetic and CS terms in the following way:
Applying this to the original N =6 theory, after some long and tedious calculations, the lagrangian becomes
and Υ
CD
Bd are defined now with rescaled fields as:
The CS action in this theory reduces to
where I added a total derivative in the first line and I used the following identity which comes from the fundamental identity as expressed in (32):
The equation of motion of the fermion becomes
and the gauge field equations of motion split again in F ij and F 2i in the following way:
The SUSY transformations become
Thus to conclude, by dimensional reduction here I get another action (45) which should also be related to F1 strings in type IIA.
Discussion
The original 3D CFT described above are conjectured to described a M2-M5 system in Mtheory. The IR limits, i.e. small R limit, of the compactifications presented above should be a reduction from M-theory to type IIA string theory. We could then be tempted to associate our 2D field theories to the worldvolume field theories of F1 strings between branes in type IIA (D4 or NS5, depending on the compactification of the M5). In the UV, i.e. large R limit, the actions (16) and (45) reduce to kinetic and CS terms, but this limit does not lead to IIA string theory. Looking at the k = 1 case would be relevant since the real IR limit of the compactification implies different limits of k and R [15] .
Let us comment on the form of the 2D actions (16) and (45) that we are left with. The first notable difference between the compactification presented here and the one described in [12, 7] is that the compactification direction is along the M2, ie perpendicular to the scalars. The associated R-symmetries in each theories are then fully preserved. The potentials (2) and (36) and the Yukawa terms also remain unaltered by the compactification.
Secondly, its not clear to me what is the precise connection between the two 2D theories. However, it is important to notice that the full 3-algebras still applies at the 2D level and is not broken to a Lie algebra like in previous compactifications. This is related to the fact that we did not make any additional assumption about the 3-algebras. It would be interesting to see how other types of 3-algebra [19] could be reduced to a 2D EFT.
Note also thatφ introduces "mass" terms for the scalars and fermions in the action, almost like with a Higgs mechanism. Remember that φ and A µ are still non-dynamical fields. The φF term in the action is expected from the reduction of a CS term. We had to use the fundamental identity to reduce it to this form. What is particular here is the presence of the two 3-algebra indices on each of those two fields.
It is possible that our F1 string action could be related to D-brane actions. For example, it is possible that the 1 R terms in the actions could be mapped to the higher orders in α ′ of Figure 1 : Set of dualities to map F1 strings to D2-branes the D2-branes action shown in [18] through the set of dualities illustrated in fig. 1 . The large 1 R factors could be mapped to small α ′ factors because of the S-duality. Again, looking at the k = 1 case would be relevant here.
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6 Appendix: 2D chiral formulation of N =8 BLG Due to the presence of the Γ 2 matrices in the reduced action, we could be tempted to expand the fermions into chiral components. Remember that in 2D (and 3D) [20] Γ 0 = 0 1 −1 0 ,
where Γ 2 can be used to define the projection matrix in 2D (like the γ 5 in 4D). I can split the 11D fermion into its 3D chiral and anti-chiral and 8D parts:
